Low values for the efficiency of microbial protein synthesis (EMPS) in cattle consuming tropical forages are related to low rumen degradable crude protein (RDP) intakes. This study examined the effect on the EMPS of the quantity and source of nitrogen (N) supplied to the rumen of eight entire and four rumen-fistulated Brahman steers consuming mature tropical grass hay (57.3 g crude protein/kg DM). Four treatment diets were fed in a Latin square design and included a basal diet of mature pangola grass (Digitaria eriantha) hay (control) and hay plus supplements estimated to provide 150 g RDP/kg digestible organic matter intake (DOMI), as urea or casein, or 300 g RDP/kg DOMI as casein. The EMPS was only increased (P < 0.05) above that for the control diet (167 vs 123 g microbial crude protein (MCP)/kg DOMI) when RDP was provided at the highest rate of 293 g/kg DOMI. This increase was also associated with an~4-fold increase in the concentration of NH 3 -N (277 vs 73 mg/L) and of branched-chain volatile fatty acids (44 vs 10 mmol/mol of total volatile fatty acids) in rumen fluid of the steers. However, the source of rumen degradable N (urea or casein) had no effect on the EMPS (109-115 g MCP/kg DOMI) when supplied at~150 g RDP/kg DOMI. There was no effect of treatment on in vivo neutral detergent fibre digestibility (599 g/kg DM) or the rate (0.037/h) or extent (potential degradable fraction: 636 g/kg OM) of in sacco disappearance of pangola grass hay. In addition, rumen particle dilution rate was unaffected by treatment (0.022/h) and rumen fluid dilution rate, although showing some treatment differences (0.048-0.062/h), was poorly correlated with EMPS. It was concluded that only high amounts of RDP supply to the rumen, in the form of true protein, resulted in increased EMPS whereas at the lower intakes of RDP formulated to achieve EMPS in the range suggested in the feeding standards (130-170 g MCP/kg DOMI) there was no difference in providing the RDP as non-protein N or degradable-protein.
Introduction
Low efficiencies of microbial protein synthesis (EMPS) are routinely reported for both penned and grazing cattle consuming tropical grass forages (Panjaitan et al. 2010 (Panjaitan et al. , 2015 Tuyen et al. 2015; Bowen et al. 2016) . These values are generally much lower than the range of EMPS values proposed in the feeding standards, viz. 130-170 g microbial crude protein (MCP)/kg digestible organic matter intake (DOMI; AFRC 1993; NRDR 2007) , and are associated with a low degradable protein concentration in the rumen (RDP). Temperate species of grass and legume are generally associated with EMPS at the higher end of the feeding standards range, i.e. !170 g MCP/kg DOMI, and are often associated with very high RDP concentrations (e.g. Beever et al. 1986; Bowen et al. 2016) . The theoretical maximum EMPS, based on the stoichiometry of ruminal fermentation, is~225 g MCP/kg DOMI (Corbett et al. 1982; Corbett 1987; NRDR 2007) . Some reported values for temperate pastures approach this maximum, for example, 209 g MCP/kg DOMI measured for cattle grazing ryegrass pasture (Bowen et al. 2016) , and are certainly at the high end of the feeding standards range (~170 g MCP/kg DOMI), which is rarely reached with tropical forages (Detmann et al. 2014) .
Increasing dietary RDP supply is thus used as a strategy to increase the EMPS of cattle grazing tropical pastures . The importance of increasing EMPS is that MCP usually provides the majority of the total protein supply to ruminants grazing tropical pastures (NRDR 2007) so that increases in EMPS should lead to increased liveweight gain of cattle grazing these pastures through increases in total metabolisable protein supply (Poppi and McLennan 1995; Poppi et al. 1997) . In addition to the quantity of RDP supplied, the source of RDP, i.e. whether in the form of non-protein nitrogen (NPN) or derived from true protein, may be important with studies showing responses in microbial protein yield to higher volatile fatty acids (VFA), amino acids or protein compared with NPN (e.g. Hume 1970a Hume , 1970b Amos and Evans 1976; Ben-Ghedalia et al. 1978) .
The objective of this experiment was to determine the effect of quantity and source of rumen N, i.e. whether in the form of NPN or derived from true protein, on EMPS in steers fed low-protein, tropical grass. The approach was to investigate strategies to increase the EMPS, in cattle consuming tropical grasses, to the levels reported for ruminants consuming temperate forages.
Materials and methods
This experiment was conducted at the University of Queensland's Mt Cotton Research Farm, Queensland, Australia, and was reviewed and approved by the University of Queensland Animal Ethics Committee.
Animals, experimental design and procedures
Eight Brahman (>75% Bos indicus) steers (374 AE 8.8 (s.e.) kg), (hereafter, intact steers) and four Brahman (>75% B. indicus) rumen-fistulated steers (568 AE 28.4 kg), (hereafter, RF steers), were used in separate Latin square designs to examine the effect of four treatment diets. The eight intact steers were treated with moxidectin (Cydectin, Fort Dodge Australia Pty Ltd, Sydney, NSW, Australia) at the commencement of the preliminary feeding period to control internal and external parasites. The RF steers were treated with flumethrin (Bayticol, Bayer Australia Ltd, Pymble, NSW, Australia) when required during the experiment to control buffalo fly.
The following dietary treatments were applied with both the intact and RF steers: (1) control diet of low-quality, pangola grass (Digitaria eriantha) hay (C); (2) hay + urea and ammonium sulfate, to achieve 150 g RDP/kg DOMI, (U); (3) hay + casein, to achieve 150 g RDP/kg DOMI (LoCAS); and (4) hay + casein, to achieve 300 g RDP/kg DOMI (HiCAS). With all treatments, including the control, water was added to the hay at the rate of 300 g/kg (w/w, air-dry basis) and mixed well with the hay. For the U treatment, urea and ammonium sulfate (to achieve a N : sulfur (S) ratio in the supplement of 14.3 : 1) were dissolved in the water before it being sprayed on to the hay. The LoCAS and HiCAS treatments involved sifting casein (sodium caseinate, Murray Goulburn Co-op. Co. Ltd, Southbank, Vic., Australia) on to the hay after water application, followed by thorough mixing. A mineral block (Olsson's Go-Block, Olsson Industries Pty Ltd, Yennora, NSW, Australia) containing macro-and trace minerals, but no N, was made available to all intact and RF steers during the first 9 days of each preliminary feeding period.
For the intact steers, a 14-day preliminary feeding period in individual pens preceded a 7-day measurement period in metabolism crates for each of the four experimental periods. The steers were fed ad libitum during preliminary feeding periods and then restricted to 90% of ad libitum during the collection periods. All diets were fed once daily at~0800 hours. For each steer, feed intake was recorded over the 7-day sampling period and total faecal and urine outputs were collected daily. Urine was collected into bins containing a sufficient quantity of 20% (v/v) sulfuric acid solution so that the final pH of urine was kept below 3. Urine was weighed and a 5% daily subsample was kept and bulked for each steer over the measurement period. These samples were stored frozen (À20 C) and later thawed, mixed thoroughly, subsampled, and diluted 1 in 10 (v/v) with 0.1 M ammonium phosphate (NH 4 H 2 PO 4 ) buffer. The buffered samples were frozen before analysis for purine derivative concentration.
The RF steers were held in individual pens for the duration of each of the four experimental periods, which included a 14-day preliminary feeding period followed by a 6-day sampling period. The feeding regime and measurements of daily feed intake were the same as for the intact steers. Rumen fluid samples were collected from each of the steers at 4-hourly intervals over 24 h (0, 4, 8, 12, 16, 20, 24 h post-feeding) from Day 1 of each sampling period. A sampling probe was used to collect strained rumen fluid from at least three different sites in the rumen of each steer. Rumen fluid pH was determined immediately after sample collection with a portable pH meter and subsamples were taken for VFA and ammonia-N (NH 3 -N) analyses for all except the 24-h sampling time. Only one representative bulk subsample of the six sampling times for each steer was analysed for VFA concentration. On Day 1 of each sampling period, concentrated CrEDTA solution (2.7 g Cr/steer) and Yb-marked hay (1 g Yb/ steer) were dosed into the rumen through the cannula immediately before daily feeding. The CrEDTA solution was injected into at least four different sites in the rumen and washed in with 200 mL of water. Three packets, each containing 10 g of Yb-marked hay (oven-dried, 3-mm ground pangola grass hay) were dosed into three different sites in the rumen, one being the posterior ventral sac. Rumen fluid and digesta samples were taken at 4, 8, 12, 16, 20, 32 and 48 h after dosing for analysis of Cr in rumen fluid and Yb in digesta. Commencing on Day 3 of the sampling period, a representative portion of the basal diet of pangola grass hay (3-mm ground) was incubated in sacco in polyester bags (Allied Filter Fabrics; monofilament polyester, 24 · 10 cm outer dimension, pore size 45 mm). The samples were incubated in duplicate in each steer from~0800 hours for each of eight incubation times (3, 6, 9, 12, 24, 48, 72 and 96 h) and processed, as described previously by Bowen et al. (2008) , for determination of organic matter (OM) disappearance.
After completion of the final experimental period, three of the four RF steers (564 AE 37.6 kg) were used in an in sacco study to determine the RDP content of the pangola grass hay. The steers were fed twice daily (0730 hours and 1530 hours, in equal portions) a standard diet consisting of a mixture of lucerne (Medicago sativa) and pangola grass hays (3 : 5 w/w, as fed), at 90% of pre-determined ad libitum intake, plus 1 kg of cottonseed meal. After a 6-day preliminary feeding period the polyester bags containing the hay (3 mm ground) were incubated in duplicate in each steer from 0800 hours for each of five incubation times (5, 8, 11, 14 and 16 h) . The effective protein degradability of the pangola grass hay was determined by measuring the rate of disappearance of neutral detergent insoluble nitrogen (NDIN), after subtraction of the acid detergent insoluble nitrogen (ADIN) component, in the incubated samples as described in Bowen et al. (2008) .
Analytical procedures
The DM content of samples was determined by drying to a constant weight in a forced draught oven at 65 C. Samples were milled to <1 mm before chemical analysis. The ash content was determined by heating dry samples in an electric muffle furnace (Thermogravimetric analyser TGA-601, LECO Corporation: St Joseph, MI, USA) at 610 C to constant weight under an atmosphere of oxygen. Feed samples were analysed for total-N concentration by a combustion method (Sweeney 1989) using an Elementar RapidN analyser (Elementar Analysensysteme GmbH, Hanau, Germany). Feed and faecal samples were analysed for ash-free neutral detergent fibre (NDF) and ash-free acid detergent fibre (ADF) using the Fibretec 2021 Fibrecap system (Foss Tecator 2002a , 2002b . The NDIN and ADIN concentrations were determined on the residues of rumenincubated hay samples by analysis for fibre and then N. Acidified and buffered urine samples were thawed, filtered through a 0.2-mm Alltech cellulose nitrate or acetate membrane filter followed by a C18, 300-mg filter, and analysed for purine derivative concentration using a high-performance liquid chromatograph (Waters model 600 E, USA) according to the method outlined by Balcells et al. (1992) . The concentrations of VFA present in rumen fluid samples were determined by gas chromatography using a polar capillary column (DB-FFAP), after initial protein precipitation with metaphosphoric acid. Prior to determination of rumen NH 3 -N concentration, rumen fluid was shaken and then centrifuged (2600g for 12 min) to obtain a clear supernatant. After a reaction, which converts ammonia to form an indophenol dye (Bolleter et al. 1961 ) spectrophotometric determination was conducted on an Olympus AU400 clinical analyser. Rumen fluid samples were centrifuged (2600g for 10 min) before analysis for Cr using a Varian 220FS atomic absorption spectrometer with an air acetylene flame. Digesta samples were analysed for Yb using an inductively coupled plasma atomic emission spectrometer. The samples were first prepared for analysis by digestion using a mixture of 5 nitric acid : 1 perchloric acid as in de Vega and .
Calculations
The protein degradability of the pangola grass hay, determined from the in sacco digestion followed by determination of NDIN and ADIN content, was used to estimate RDP contribution from the hay portion of the treatment diets, as described in Bowen et al. (2008) . Urea and casein were assumed to be 100% degraded in the rumen. The flow of MCP to the intestines of steers was calculated using the equations proposed by Chen and Gomes (1995) . These calculations were made using the value for endogenous purine derivative excretion determined for highcontent (>75%) B. indicus cattle by Bowen et al. (2006) , i.e. 190 mmol/kg W 0.75 .day. The fractional outflow rate (FOR) of Cr and Yb in rumen fluid and digesta, respectively, were determined by regressing the natural log (ln) of Cr and Yb concentrations against time, with the rate constant, k, determined as the slope of the regression so that FOR (/h) = -k. The rumen fluid volume and the digesta DM weight were calculated as follows: rumen fluid volume (L) or digesta DM weight (kg) = marker injected (mg)/A 0 (mg/L or mg/kg DM), where A 0 is the concentration of marker at time 0 hours. The disappearance of pangola grass hay OM (g/kg) from polyester bags was plotted against time, using the statistical package GENSTAT for Windows (6th edition; GENSTAT Committee 2000) and the model described by McDonald (1981) , as detailed in Bowen et al. (2008) .
Statistical analyses
Differences between treatment means were tested by ANOVA. Pair-wise differences between means were tested using a protected least significance difference procedure (P = 0.05). Poor relationships were obtained in some cases for the simple linear regression of the ln of Yb concentration against time. Thus, the individual regressions were tested to determine whether the slope was significantly different to 0, and those that were not were excluded from the calculation of particle FOR. Four out of the 16 regressions were excluded on this basis. In order to test for treatment effects on in sacco OM disappearance parameters, individual exponential curves were fitted to the data for each steer in each period. The form of the exponential used was Y = S + QR t , where Y is the OM disappearance (g/kg), S is the constant parameter, Q is the linear parameter, R is the curvature parameter, and t represents incubation time (h). The coefficients (S, Q and R) were extracted from each dataset and separately subjected to a Latin square ANOVA. There were no significant differences between the coefficients, and thus a pooled estimate of the curve was used. The mean curve was re-parameterised so that Y 1 = A up to time t 0 , and Y 2 = a + b(1e -ct ), from time t 0 onwards. In these equations, A is the measured washing loss from non-incubated polyester bags (g/kg), a is the rapidly degraded fraction (g/kg), b is the more slowly degraded fraction (g/kg), a + b represents the potential degradable fraction (g/kg), c is the degradation rate (/h) of b and t 0 is the lag time (h) before the commencement of degradation of b, calculated from the fitted equation as the value of t when Y = A. All data were analysed using the statistical package GENSTAT for Windows (6th edition; GENSTAT Committee 2000).
Results
The nutrient composition of pangola grass hay confirmed it was of low quality: OM, 936 g/kg DM; crude protein (CP), 57.3 g/kg DM; effective degradability of the protein fraction, 860 g/kg CP; NDF, 697 g/kg DM; and ADF, 401 g/kg DM. Casein OM content was 961 g/kg DM and CP content was 950 g/kg DM. The measured ratios of RDP/DOMI in the dietary intake of steers were very close to those intended of 150 (U and LoCAS) and 300 g/kg (HiCAS; Table 1 ). Protein consumption by steers (both CP and RDP) relative to DOMI was not different between U and LoCAS treatments (P > 0.05), but these were greater (P < 0.05) than that for the C treatment and lower (P < 0.05) than for the HiCAS treatment. The estimated flow of MCP from the rumen of steers and EMPS were increased with feeding of casein at the highest rate (HiCAS) relative to all other treatments (P < 0.05; Table 1 ). However, the U and LoCAS treatments did not increase MCP flow or EMPS in steers relative to C. NDF digestibility was not affected by treatment, with a mean value of 599 AE 5.4 g/kg DM across all treatments (Table 1) . However, OM digestibility and DOMI values for HiCAS steers were greater than for all other treatments (P < 0.05). Inclusion of casein at the lower rate (LoCAS) was associated with increased OM digestibility relative to the C treatment and increased DOMI relative to the C and U treatments, where differences were not significant between the C and U steers for these attributes. The disappearance of pangola hay OM in sacco in RF steers was unaffected by treatment (S coefficient, P = 0.58; Q coefficient, P = 0.64; R coefficient, P = 0.51). The OM disappearance coefficients, determined from pooled estimates of the curve representing the four treatment diets, were: a, 140 AE 5.0 g/kg OM; b, 496 AE 5.1 g/kg OM; a + b, 636 g/kg OM; c, 0.037 AE 0.0014/h; where the residual standard deviation of the fitted equation = 4.6.
The concentration of NH 3 -N in the rumen of RF steers increased with the addition of RDP in the form of urea or casein at the low rate (P < 0.05), where these treatments were not different, and then increased further when the higher rate of casein was fed (P < 0.05; Table 2 ). Steers consuming the C diet maintained a low NH 3 -N concentration (<100 mg/L) throughout the 20-h sampling period, with the peak concentration (96.3 mg/L) occurring just before feeding. By contrast, NH 3 -N concentration for the other treatment groups peaked at 4 h (~190 mg/L; U and LoCAS) or 8 h (338 mg/L; HiCAS) after feeding. The average pH in rumen fluid over the 24 h after feeding was not different between treatment diets (P = 0.09), averaging 6.8 AE 0.03. The total molar concentration of VFA in the rumen of RF steers was also unaffected by treatment (P = 0.99), averaging 27.6 AE 2.04 mM. The LoCAS treatment was associated with an increase in the molar proportion of branched-chain volatile fatty acids (BCFA) relative to the C and U treatments (P < 0.05), which were not different from one another (Table 2) , whereas the HiCAS treatment resulted in a further increase relative to the LoCAS treatment (P < 0.05), with the molar proportion four times greater than for the C and U treatments. The trend for the acetate molar proportions was in the reverse order, but with differences only between HiCAS and C. The FOR of fluid from the rumen of RF steers was lowest on C and U treatments, but with no difference between U and LoCAS (Table 2 ). Furthermore, HiCAS and LoCAS treatment groups were not significantly Table 1 
. Effect of quantity and source of rumen nitrogen on the intake of crude protein (CP) and rumen-degradable protein (RDP), relative to that of digestible organic matter intake (DOMI), and on the flow of microbial crude protein (MCP) from the rumen, the efficiency of MCP synthesis in the rumen (EMPS), digestibility of organic matter (OMD) and
neutral detergent fibre (NDFD), and on DOMI for intact (non-fistulated) steers Treatment descriptions are given in the text. Values with rows followed by different letters are significantly different at P = 0.05. LW, liveweight; s.e., standard error; P, probability for test of significant difference between treatments A DOMI values were determined during sampling periods when intakes were restricted to 90% of the ad libitum intakes of the preliminary period. 
Discussion
Our experiment demonstrated that the EMPS in steers consuming a low-quality tropical grass hay was only increased to the higher end of the range given in the feeding standards (170 g MCP/kg DOMI; AFRC 1993; NRDR 2007) when RDP was provided at the very high concentration of 293 g/kg DOMI. By contrast, RDP intake at the lower rate of 150 g/kg DOMI had no effect when provided as either NPN or true protein. These results are in contrast to those of Panjaitan et al. (2015) who found marked increases in EMPS when NPN (urea and ammonium sulfate) or a true protein supplement (Spirulina algae) were fed to steers consuming low-quality tropical grass hay, with the rate of increase being greater with the algae supplement. However, compared with our experiment, the tropical grass hay used by Panjaitan et al. (2015) had much lower RDP/DOMI, viz. 62 compared with 109 g/kg. Furthermore, the peak EMPS in steers supplemented with NPN in their study was only 92 g MCP/kg DOMI, achieved with NPN supplementation to provide 175 g RDP/kg DOMI, and was thus well below the EMPS obtained for steers consuming even the C diet in our experiment (123 g MCP/ kg DOMI). In the experiment of Panjaitan et al. (2015) , EMPS was only increased to the higher end of the range indicated in the feeding standards (166 g MCP/kg DOMI; AFRC 1993; NRDR 2007) with true protein supplementation providing 358 g RDP/kg DOMI. In our experiment, a similar EMPS of 167 g MCP/kg DOMI was achieved with true protein supplementation providing 293 g RDP/kg DOMI, or~80% of that provided by Panjaitan et al. (2015) . In both experiments, very high RDP supply was associated with high EMPS. The practical significance is that increasing EMPS from the commonly quoted values for tropical forages of <130 g MCP/kg DOMI (NRDR 2007; Valadares Filho et al. 2010) ; to the values at the higher end of the feeding standards' range (~170 g/kg MCP/kg DOMI) would result in significant increases in liveweight gain of~300 g/day , although this is a very inefficient use of CP. At such high levels of RDP/DOMI required to achieve a high EMPS, there is a large loss of N from the rumen with resulting environmental consequences and so there are both positive and negative consequences of such an approach. The lack of a response in EMPS to low intakes of RDP in our experiment could reflect the elevated rumen NH 3 -N concentration measured for steers consuming the pangola grass hay diet (73.4 mg/L), which exceeded the suggested threshold concentration of 50 mg/L proposed by Satter and Slyter (1974) for optimal MCP synthesis in the rumen. Hence, even though the RDP supply from the tropical grass hay was considered limiting for achieving the EMPS proposed in the feeding standards (i.e. RDP supply <130 g/kg DOMI), there was no increase in the EMPS associated with increasing rumen NH 3 -N concentration to 120-135 mg/L, as achieved with RDP inclusion in the diet at 150 g/kg DOMI. The rumen NH 3 -N concentration in steers consuming the pangola grass hay diet most likely reflects recycling of N in the order of 26 g N/day in these animals (Reynolds and Kristensen 2008) . Although there was diurnal variation in rumen NH 3 -N concentration, it was associated with pattern of feeding over the day. The method of application of the N source ensured a degree of synchrony between N supply and fermentation of the hay substrate.
There appeared to be no advantage in providing the RDP as a true protein source instead of as NPN when offered at the lower rate of inclusion (150 g/kg DOMI). In our experiment, casein would have provided to the rumen microbes a range of products of protein degradation including peptides, amino acids, ammonia, BCFA and other higher VFA such as phenyl-substituted fatty acids. The molar proportions of BCFA in rumen fluid were increased above the low values measured for the C and U diets of 10 mmol/mol by a factor of 1.6 and 4.4 for the low and high intakes of casein supplement, respectively. It has been shown that BCFA and other higher VFA are essential factors for the growth of many rumen bacterial species which ferment structural carbohydrates (Bryant and Robinson 1962; Bryant 1973) and that the growth of these bacteria in pure cultures can be stimulated by provision of peptides and amino acids cf. NPN (e.g. Cruz Soto et al. 1994 ). Furthermore, in vivo studies with sheep demonstrated that EMPS could be increased by substituting either casein or zein for BCFA and 50% of urea-N (Hume 1970b). However, Cruz Soto et al. (1994) and Chikunya et al. (1996) concluded that on slowly fermented fibrous diets, the growth rate of cellulolytic bacteria is limited more by the slow degradation rate of the energy source than by low availability of peptides and amino acids, when NH 3 is in adequate supply. This may explain the lack of response in the EMPS to true protein supplement in our experiment at the low rate of RDP inclusion. Alternatively, it is possible that intraruminal recycling of protein through microbial lysis, which can be substantial with low CP forages (Nolan 1993) , may have been sufficient to provide the required protein and/or BCFA precursors for the rumen bacterial population. The measured FOR for rumen fluid and particulate matter on all treatment diets were low (0.048-0.062/h for fluid FOR and an average of 0.022/h for particle FOR), which would have favoured intraruminal recycling of microbial N in the rumen.
Both in vitro and in vivo experiments have shown clear positive relationships between the EMPS and rumen particle and/or fluid FOR (e.g. Stouthamer and Bettenhaussen 1973; Djouvinov and Todorov 1994) . In our experiment, the increased EMPS with the high intake of casein supplement was not associated with a significant increase in rumen fluid or particle FOR, compared with the lower level of casein supplementation, which did not increase the EMPS.
In our experiment, neither the quantity nor the source of RDP had any effect on rate or extent of digestion of the basal diet of pangola grass hay in sacco, or on total NDF digestibility in vivo. It is therefore likely that the increases in OM digestibility and in total DOMI with casein feeding were due to substitution of casein for the less digestible hay portion of the diet, rather than to any effect on rate or extent or digestion of the basal hay diet itself. It is thus evident that the increase in the EMPS with the high intake of RDP supplementation (293 g/kg DOMI) was not associated with corresponding changes in extent or rate of digestion of the basal diet. Our results are in agreement with those of Hunter and Siebert (1985) and Panjaitan et al. (2014) who found that the digestion rates of tropical grass hays did not increase with N supplementation once NH 3 -N concentrations in the rumen fluid were above 50-80 mg/L. Boniface et al. (1986) and Morrison et al. (1988) found that the digestion rate of black speargrass (Heteropogon contortus) hay was not increased by increasing NH 3 -N concentrations above 45 and 25 mg/L, respectively. Additionally, Bowen et al. (2010) reported no association between rumen NH 3 -N concentration and the rate or extent of digestion of a low-quality, black speargrass hay incubated in the rumen of fistulated steers grazing seven different pasture types, despite a range in rumen NH 3 -N concentrations of 17-382 mg/L. Similarly to our experiment, Panjaitan et al. (2014) showed no difference between NPN and true protein supplements in their effect on the rate of digestion of temperate or tropical grass hays.
In our experiment, the lack of any significant effects of treatment on total VFA concentration, rumen fluid pH, rumen fluid volume, rumen digesta DM weight or particle FOR are in accord with the lack of effect on the rate or extent of digestion of the basal hay diet. The mechanisms responsible for the increase in EMPS achieved with very high levels of RDP supplement from true protein are not clear, although they were associated with very high concentrations of rumen NH 3 -N and BCFA. This area requires more research to understand and manipulate the mechanism as the response by the animal to this extra protein would be quite significant.
In conclusion, these experiments have demonstrated that the EMPS in steers consuming low-quality tropical grass hay could only be increased to the higher end of the feeding standards' range when RDP was provided at the very high level of 293 g/kg DOMI. However, at intakes of RDP formulated to achieve EMPS in the feeding standards' range (i.e. 130-170 g RDP/ DOMI) there was no difference between NPN and degradable true protein sources to supply N for microbial protein synthesis.
